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® The pump apparatus (1) comprises a pump 
body (2) defining a pump chamber (6) and inlet and 
outlet ducts (15,20) communicating with the pump 
chamber, a piezoelectric membrane (10) operable to 
vary the volume of the pump chamber by movement 
of a flexible wall (9) of the pump chamber and first 
and second non return valves (13,18) located in the 
inlet and outlet ducts respectively. Each valve com- 
prises a valve member (22,25) movable into and out 
of engagement with a cooperating valve seat (21,24) 



in response to pressure or suction generated in the 
pump chamber by movement of the wail. Magnets 
(30,36) are operable to bias the valve members into 
a seated position. The body including the valves is a 
disposable item. Priming means (33) acting on the 
magnets allows the valves to be unseated for flush- 
ing and priming the chamber. Sense electrodes 
(63,64) on the piezoelectric membrane sense occlu- 
sion or bubbles when pumping liquids such as drugs 
during intravenous delivery. 
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This invention relates to pump apparatus for 
biomedical use and in particular but not exclusively 
for use in intravenous infusion of liquids to the 
human body or animal body. 

Many medical procedures require the con- 
trolled introduction of liquids over a prolonged pe- 
riod into the human or animal body for example 
where a patient is to receive a drug, blood pro- 
ducts, saline or nutrients etc at a controlled dose 
rate. Existing pump apparatus for such applications 
includes syringe pumps, drip monitors and peristal- 
tic pumps each of which suffer the disadvantages 
of being expensive, complex to set up and operate 
and are generally inhibiting of patient movement. It 
is also known to introduce liquids into plants in a 
controlled manner in situations where it is incon- 
venient to have complex pump apparatus relying 
on external power supplies. 

It has also been proposed in DE-2920975 for 
example to have a peristaltic pump within a hous- 
ing which also contains means for controlling and 
actuating the pump so that the apparatus is self- 
contained and portable and may for example be 
attached to the body receiving an infusion. 

A disadvantage of such peristaltic pumps is 
that the rate of flow at which liquid is delivered by 
the pump cannot be accurately controlled. Typi- 
cally flow rate is measured by counting revolutions 
of the peristaltic roller mechanism and errors of up 
to 15% are typical in measured flow rate. A further 
difficulty is that, in the event of occlusion of the 
infusion flow path, known pumps and particularly 
syringe pumps are generally capable of building-up 
liquid pressure to a dangerous level. It is also 
difficult to effectively detect the presence of air 
bubbles within known pumps and typically a bub- 
ble detector relies on the use of sensors respon- 
sive to the difference in refractive index between 
air and the liquid being pumped. The presence of 
air bubbles is extremely dangerous during infusion 
and a disadvantage of known pumps is that any air 
bubble will easily pass through the pump. 

It is also known from US 4596575 to provide an 
implantable pump apparatus in which a pump 
chamber has a flexible wall movable by actuation 
of a piezoelectric transducer, the chamber having 
inlet and outlet valves which are electromagneti- 
cally actuated poppet valves. 

According to the present invention there is 
disclosed pump apparatus comprising a pump 
body defining a pump chamber and inlet and outlet 
ducts communicating with the pump chamber, ac- 
tuating means operable to vary the volume of the 
pump chamber by movement of a flexible wall of 
the pump chamber and first and second valves 
located in the inlet and outlet ducts respectively 
wherein each valve comprises a non-return valve 
having a valve member movable into and out of 



engagement with a cooperating valve seat in re- 
sponse to pressure or suction generated in the 
pump chamber by movement of the wall and the 
pump apparatus further comprises magnetic means 

5 operable to bias the or at least one of the valve 
members into a seated position. 

An advantage of such pump apparatus is that 
during normal pumping operation the valves do not 
require actuation from an external source since 

w they respond to pressure or suction in the pump 
chamber. The bias normally provided by operation 
of the magnetic means ensures that the valves 
remain closed in the absence of pressure or suc- 
tion being generated in the chamber so that the 

75 flow of fluid through the pump apparatus is nor- 
mally only possible when the actuating means is 
energised. This is important for example when the 
pump apparatus is used to give an infusion of a 
drug to a patient and the flow of drug must be 

20 closely controlled. 

Preferably the pump apparatus further com- 
prises priming means selectively operable to ac- 
tuate the magnetic means between a normal op- 
erating condition in which the magnetic means 

25 biasses the or at least one of the valve members 
into a seated position and a priming condition in 
which the valve members are movable into an 
unseated position to allow priming of the pump 
chamber with fluid, 

30 An advantage of such priming means is that 
prior to normal pumping operation the valve mem- 
bers can be unseated to allow a free flow of fluid 
through the pump chamber to fully flush and prime 
the pump apparatus. 

35 Advantageously the first and second valve 

members each have a respective ferromagnetic 
portion and the magnetic means includes first and 
second annular magnets through which the inlet 
and outlet ducts respectively extend, the magnets 

40 being held in respective fixed positions adjacent 
the respective valve seats by the priming means in 
the normal operating condition and being released 
therefrom in the priming condition for movement to 
respective further positions in which the valve 

45 members are no longer biassed into a seated posi- 
tion. 

An advantage of this arrangement is that the 
valve members can be unseated without any dan- 
ger of introducing air or other contaminant to the 

so flow path defined by the pump chamber and the 
inlet and outlet ducts, the magnetic means being 
locatable externally with respect to the parts of the 
pump body defining the flow path. 

The pump apparatus may comprise electrical 

55 circuit means operable to control and energise the 
actuating means whereby the pump apparatus is 
self-contained, the actuating means comprising a 
piezoelectric transducer operable to deform the 
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flexible wall of the pump body and wherein the 
electrical circuit means is located in a housing 
which is detachable from the pump body and the 
housing is connected in use to the pump body by 
releasable connecting means. 

An advantage of such an arrangement is that 
the pump body can be made a disposable item 
whilst the housing can be reusable. Electrical cir- 
cuitry can therefore be retained within the housing 
and reused whereas components of the apparatus 
such as the chamber and valves which make con- 
tact with the liquid to be pumped are made dispos- 
able. A further adavantage is that the pump body 
can be sterilised prior to use by conventional 
sterilisation techniques which might not be toler- 
ated by the electrical components within the hous- 
ing. 

Preferably the transducer is located in the 
housing at a location which overlays the flexible 
wall of the pump body in use when the housing 
and pump body are connected in operable relation- 
ship and wherein the apparatus includes biassing 
means biassing the wall into operative engagement 
with the transducer. 

The flexible wall of the pump body then flexes 
in unison with the transducer so that transducer 
movement can be sensed and calibrated to provide 
an accurate measure of the amplitude of each 
pump actuation. 

The biassing means may comprise an annular 
membrane portion of the flexible wall connected 
peripherally to a rigid portion of the flexible wall 
and having a shape memory such that when the 
pump body is operatively connected to the housing 
the rigid portion is biassed into engagement with 
the transducer. 

The body may be formed integrally with a 
reservoir receiving in use a supply of fluid, the 
reservoir being connected in communication with 
the inlet duct. 

An advantage of such an arrangement is that 
the pump body and the reservoir containing the 
supply of fluid can together be supplied as a re- 
placeable item. 

The housing preferably includes a reservoir 
compartment receiving the reservoir when the 
housing and the body are operatively connected 
and closure means for the reservoir compartment, 
the priming means being actuated by a manually 
operated handle mounted on the housing and 
wherein the handle and the closure means interlock 
to prevent access to the reservoir compartment 
when the handle is in a position corresponding to 
actuation of the priming means to give normal 
operating condition of the magnetic means. 

According to a further aspect of the invention 
there is disclosed pump apparatus comprising a 
pump body defining a pump chamber, an inlet duct 



communicating between the pump chamber and a 
source of liquid, an outlet duct communicating with 
the chamber for the delivery of pumped liquid, 
actuating means operable to vary the volume of the 

5 pump chamber by movement of a flexible wall of 
the pump chamber to pump liquid therefrom, the 
actuating means comprising a composite piezo- 
electric element having at least one sensor elec- 
trode sensing the amplitude of deflection and elec- 

10 tronic circuit means operable to energise the piezo- 
electric element in pulsed manner, wherein the 
electronic circuit means includes detection means 
comparing the sensed amplitude of deflection with 
at least one threshold level to provide an indication 

75 of abnormal operation of the pump apparatus con- 
sistent with occlusion or bubble formation in the 
liquid volume defined by the pump chamber and 
the inlet and outlet ducts. 

Preferably the detection means includes occlu- 

20 sion detection means operable to compare the 
sensed amplitude of deflection against a lower 
threshold level and indicating the presence of an 
occlusion when the sensed amplitude is less than 
the lower threshold level. 

25 An advantage of such an arrangement is that 

occlusion can be instantly detected and an alarm 
signal used to generate an audible or visible warn- 
ing or to turn off the pump. 

Preferably the electronic circuit means includes 

30 bubble detection means operable to compare the 
sensed amplitude of the transducer actuation 
against an upper threshold level and indicating the 
presence of a bubble when the sensed amplitude 
is more than the upper threshold level. 

35 The presence of a bubble in the pump cham- 

ber can be instantly detected in this way since 
collapse of an air bubble under pressure will result 
in over travel of the flexible wall of the pump 
chamber and hence over travel of the piezoelectric 

40 transducer beyond its normal operating range. 

Preferably the pump apparatus includes flaw 
rate sensing means connected to the electronic 
circuit means and the circuit means energises the 
piezoelectric transducer at a frequency which is 

45 variable to maintain the sensed flow rate at a 
predetermined level. 

Preferred embodiments of the present inven- 
tion will now be described by way of example only 
and with reference to the accompanying drawings 

50 of which:- 

Figure 1 is a side elevation of pump appara- 
tus in accordance with the present invention; 

Figure 2 is a sectioned plan view of the 
apparatus of Figure 1; 

55 Figure 3 is a sectioned end elevation of the 

apparatus of Figures 1 ; 

Figure 4 is a sectional elevation of part of an 
alternative apparatus showing detail of the piezo- 
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electric transducer; 

Figure 5 is an enlarged view of the tranducer 
of Figure 4; 

Figure 6 is a plan view of the transducer of 
Figures 4 and 5; 

Figure 7 is an underneath view of the trans- 
ducer of Figures 4 to 6; 

Figure 8 is a plan view of a further alter- 
native pump apparatus having a key pad and dis- 
play; 

Figure 9 is an elevation of a further alter- 
native pump apparatus connected to a supply pack 
and flexible tube; 

Figure 10 is an elevation of the apparatus of 
Figure 9 showing a housing of the apparatus being 
presented to a disposable body of the apparatus 
prior to an infusion; 

Figure 11 is a sectional elevation of a further 
alternative pump apparatus; 

Figure 12 is a plan view of the pump appara- 
tus of Figure 11; 

Figure 13 is an end view partially in section 
of the apparatus of Figures 11 and 12; 

Figure 14 is a perspective view of an alter- 
native pump apparatus having an integral reservoir; 
and 

Figure 15 is a perspective exploded view of 
the apparatus of Figure 14. 

Figure 1 shows apparatus 1 for use in the 
delivery of a drug intravenously to a patient. Ap- 
paratus 1 comprises an elongate body 2 moulded 
from a plastics material. The body 2 is of rectangu- 
lar cross-section and has a bottom surface 3 in 
which is formed a cylindrical recess 4. A screw- 
threaded plug 5 fits sealingly into the recess 4 to 
define a chamber 6 within the recess. The plug 5 is 
moulded from polystyrene containing 40% glass 
fibres. 

The body 2 has a top surface 7 in which is 
formed a second cylindrical recess 8 such that a 
thin membrane 9 is defined between the first and 
second recesses 4 and 8 and forms a flexible wail 
to the chamber 6. 

A piezoelectric membrane 10 overlays the 
flexible membrane 9, the respective membranes 9 
and 10 being in intimate contact such that any 
flexure of the piezoelectric membrane is accom- 
panied by conformal flexure of the flexible mem- 
brane. 

A first longitudinal bore 11 is formed in a first 
end 12 of the body 2 and receives a first non- 
return valve 13 and a first cylindrical connector 14 
defining an inlet duct 15 communicating with the 
chamber 6. 

A second bore 16 is formed longitudinally in 
the second end 17 of the body 2 and receives a 
second non-return valve 18 and a second tubular 
connector 19 defining an outlet duct 20 commu- 



nicating with the chamber 6. 

The first non-return valve 13 comprises an an- 
nular valve seat 21 through which the inlet duct 15 
extends and includes a spherical steel valve mem- 

s ber 22 coated in polytetrafluorethylene (PTFE). The 
valve member 22 is movable longitudinally within 
the inlet duct to an extent limited in a direction 
away from the seat 21 by projections 23 which 
project radially inwardly of the duct. 

10 The second non-return valve 18 is similarly 

provided with a valve seat 24, a spherical valve 
member 25 and projections 26. The first and sec- 
ond non-return valves 13 and 18 are arranged such 
that in each case flow of fluid in a direction from 

15 the outlet duct to the inlet duct is prevented by 
sealing engagement of the respective valve mem- 
ber 21 , 25 with the respective seat 21 , 24. 

The first non-return valve 13 has a cylindrical 
valve body 27 which intersects a first aperture 28 

20 which extends transversely into the body 2 from a 
right-hand side surface 29 of the body 2 as seen in 
Figure 2. A first annular magnet 30 is coaxially 
mounted on the first valve body 27 and is axially 
siidable relative to the valve body between the 

25 normal position as shown in Figure 1 and a pump 
priming position shown in broken lines. In its nor- 
mal position the centre of magnet 30 lies between 
the seat 21 and the first end 12 of the body 2. In 
its priming position the centre of magnet 30 lies on 

30 the other side of the seat 21 adjacent the projec- 
tions 23. A slider plate 31 is mounted in contact 
with the right-hand side surface 29 so as to be 
longitudinally siidable relative to the body 2 and is 
connected to the first annular magnet 30 by a first 

35 arm 32. A handle 33 is connected to the slider 
plate 31 by means of snap fit connectors 34. 

The second non-return valve 18 similarly has a 
cylindrical valve body 35 on which a second an- 
nular magnet 36 is axially siidable, the second 

40 magnet being connected to the slider plate 31 by a 
second arm 37. The first and second magnets 30 
and 36 are thereby movable between respective 
normal and priming positions by actuation of han- 
dle 33. 

45 A housing 38 is detachably connected to the 

body 2 by means of snap fit connectors 39 so as 
to overlay the top surface 7. The housing 38 con- 
tains a control unit 40 represented schematically 
by broken lines as occupying the housing. 

so The control unit 40 includes releasable con- 

necting means (not shown) operable to make elec- 
trical connection with the piezoelectric membrane 
10. The control unit 40 contains a battery (not 
shown) and programmable circuitry for energising 

55 the piezoelectric membrane 10 so that the appara- 
tus 1 is self-contained. 

In use the first connector 14 is connected to a 
supply of fluid and the slider plate 31 is manually 



4 



7 



EP 0 398 583 A2 



8 



moved into a pump priming position (tu the left in 
Figure 1). In this position the valve members 22 
and 25 are unseated from the respective valve 
seats 21 and 24 by magnets 30 and 36 respec- 
tively. Fluid is then able to flow through the inlet 
duct 15, the chamber 6 and the outlet duct 20 so 
as to prime the apparatus 1 . 

The slider plate 31 is returned to its normal 
position (to the right in Figure 1) in which the valve 
members 22 and 25 are held in contact with re- 
spective valve seats 21 and 24 by magnets 30 and 
36 respectively thereby preventing flow of fluid 
through the apparatus. 

To commence an infusion the second connec- 
tor 19 is connected to a suitable fluid filled cannula 
in a manner which avoids introduction of air into 
the cannula or the apparatus 1. 

Infusion is commenced by turning on the con- 
trol unit 40 which is programmed to deliver actuat- 
ing electrical pulse sequences to the piezoelectric 
membrane 10. Each actuating pulse sequence con- 
sists of a positive pulse followed by a negative 
pulse of the same amplitude and duration and the 
frequency with which pulse sequences are gen- 
erated is varied by the control unit 40 in accor- 
dance with the required flow rate. 

At each positive actuating pulse the piezoelec- 
tric membrane 10 flexes in a direction towards the 
flexible membrane 9 thereby causing correspond- 
ing flexure of the membrane 9 which results in a 
decrease of the volume of chamber 6. Fluid in 
chamber 6 is thereby pressurised and the second 
non-return valve 18 is opened under fluid pressure, 
the valve member 25 being unseated from its valve 
seat 24 and held against projection 26 in a position 
which allows fluid flow from the chamber 6 through 
the outlet duct 20. 

At the end of the positive actuating pulse the 
membrane 10 relaxes to its initial position as 
shown in Figure 1 as does the flexible membrane 9 
thereby restoring the chamber 6 to its original 
volume and creating suction within the chamber 6. 
The second non-return valve 18 is closed by this 
suction as the second valve member 25 seats 
against the valve seat 24 and simultaneously the 
first non-return valve 13 is opened as the valve 
member 22 is unseated from its valve seat 21 and 
is held against projections 23 in a position which 
allows flow of fluid to pass from the inlet duct into 
the chamber 6. 

A negative actuating pulse is then received by 
the piezoelectric membrane 10 which flexes in a 
direction away from the flexible membrane 9 there- 
by causing corresponding flexure of the membrane 
9 which results in an increase in the volume of 
chamber 6. Suction is then created within chamber 
6 which draws fluid into the chamber through the 
first non-return valve 13. At the end of the negative 



actuating pulse the membrane 10 relaxes to its 
initial position as shown in Figure 1 as does the 
flexible membrane 9 thereby restoring the chamber 
6 to its original volume and creating pressure within 

5 the chamber. This pressure results in a first non- 
return valve 13 being closed and the second non- 
return valve 18 being opened accompanied by fluid 
being pumped under pressure from the chamber to 
the second non-return valve and out through the 

w outlet duct 20. During the interval between succes- 
sive actuating pulse sequences the first and sec- 
ond non-return valves 13 and 18 are closed by 
action of the first and second magnets 30 and 36 
which maintain a constant bias of the valve mem- 

15 bers 21 and 25 towards their respective valve seats 
21 and 24. 

At each cycle of operation of the apparatus 1 
as described above a substantially constant volume 
of liquid is pumped so that the flow rate at which 
20 an infusion proceeds is determined by the fre- 
quency of actuating pulses controlled by the con- 
trol unit 40. 

A modification to the apparatus 1 will now be 
described with reference to Figure 4 and using 
25 reference numerals corresponding to those of Fig- 
ures 1 to 3 for corresponding elements where 
appropriate. 

In Figure 4 a composite piezoelectric mem- 
brane 50 is located in the housing 38 and is 
30 attached to a thin flexible membrane 51 forming an 
external surface of the housing. 

The housing 38 is detachably connected to a 
body 2 connected to an inlet duct 15 and an outlet 
duct 20 via first and second non-return valves 13 
35 and 18 respectively (represented schematically in 
Figure 4). 

The body 2 includes a flexible membrane 9 
forming a flexible wall to the chamber 6 and the 
body membrane 9 has a domed external surface 

40 52 having an apex 53 which maintains contact with 
the planar housing membrane 51. 

Three locating lugs 54 project from the body 2 
in circumferentially spaced positions relative to the 
flexible body membrane 9 and abut with an annular 

45 surface 55 of the housing 38 which is connected to 
the housing membrane 51 such that the housing 
membrane 51 is peripherally supported at a fixed 
distance relative to the body 2. 

The structure of the composite piezoelectric 

so membrane 50 is shown in Figure 5 in enlarged 
scale. The composite piezoelectric membrane 50 
comprises upper and lower ceramic discs 56 and 
57 respectively separated by a brass disc 58. Up- 
per and lower metallic drive electrodes 59 and 60 

55 respectively are formed on the upper and lower 
surfaces of the upper and lower discs 56 and 57 
respectively and are electrically connected to the 
control unit 40 so as to receive actuating pulses 
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resulting in flexure of the membrane 50 by elec- 
trical polarisation of the ceramic discs 56 and 57. 

The upper and lower drive electrodes 59 and 
60 each include radially extending cutouts 61 and 
62 respectively which are angularly spaced by 90° 
as seen from Figures 6 and 7 and upper and lower 
sense electrodes 63 and 64 respectively extend 
radially within the respective cutouts 61 and 62 so 
as to be electrically isolated from the drive elec- 
trodes. 

The upper and lower sense electrodes 63 and 
64 are connected to the control unit 40 to provide 
feedback as to the extent of flexure of the piezo- 
electric membrane 50 and hence feedback as to 
the corresponding flexure of the body membrane 9. 
The control unit 40 is provided with circuitry (not 
shown) deriving a signal representing the amplitude 
of flexure of the membranes 50 and 9 and compar- 
ing the signal with maximum and minimum thresh- 
old levels to generate alarm signals if the signal is 
not within these upper and lower limits. In this way 
the apparatus 1 is able to indicate fault conditions 
arising either from the presence of air bubbles in 
the pump chamber 6 or occlusion of the down- 
stream infusion path with respect to the pump 
chamber. 

The effect of an air bubble being formed within 
the pump chamber 6 is that flexure of the mem- 
brane 9 so as to reduce the volume of the pump 
chamber would result in reduction in the volume of 
the air bubble since air is readily compressible 
whereas the surrounding liquid is highly incom- 
pressible. Consequently the extent of travel through 
which the membrane 9 flexes will be greater than 
during a normal pump actuation in the absence of 
any air bubble and consequently the signal am- 
plitude derived from the sense electrodes 63 and 
64 will be greater than usual and can be detected 
as such by comparison with a predetermined upper 
threshold level. 

Similarly the effect of an occlusion downstream 
of the pump chamber 6 for example in the outlet 
duct 20 would be that liquid would be prevented 
from leaving the chamber 6 on being compressed 
by flexure of the membrane 9 and the incompress- 
ibility of the liquid would limit flexure of membrane 
9 to less than during a normal pump actuation. The 
amplitude of the signal derived from the sense 
electrodes 63 and 64 would therefore be less than 
usual and can be detected as such by comparison 
with a predetermined lower threshold level. 

During normal operation the output signal de- 
rived from the sense electrodes 63 and 64 provides 
a measure of flow the volume of liquid metered at 
each actuation of the apparatus 1. The control unit 
40 is programmed to deliver a predetermined flow 
rate and adjusts the actuating pulse frequency to 
achieve the required flow rate according to the 



signal amplitude. In the above examples the range 
of actuating pulse frequency during normal opera- 
tion is between 25 and 50 Hz and the volume of 
the pump chamber is one microlitre. 

5 The housing 38 may be of any convenient 

external shape providing that it is adapted to mate 
with the body 2 and may for example include a 
keypad 70 and display 71 as shown in Figure 8. 
The keypad 70 has a PUMP button 72, a CON- 

w FIRM button 73, a STEP UP button 74 and STEP 
DOWN button 75 for the input of data to the control 
unit 40. 

The display 71 is of a liquid crystal type and 
further includes light emitting diode indicators 76 to 

15 84. An electro acoustic transducer 85 capable of 
generating an audible warning is also mounted on 
the housing 38. 

A keyhole 86 for receiving an actuating key is 
also provided in the housing 38. 

20 In use a user primes the apparatus 1 before 

connection of the body 2 to the housing 38 as 
described above. The housing 38 is then clipped to 
the body 2 after which the control unit 40 automati- 
cally carries out some self-checking steps to estab- 

25 lish whether good contact has been made with the 
body 2, whether the battery voltage is adequate, 
that the display and audible warning 85 are in 
order, that there is no air in the chamber 6 and that 
there is no occlusion in the apparatus 1 (these 

30 latter checks requiring some initial actuations of the 
piezoelectric membrane 10). 

The self-check as to the correct operation of 
the display 71 and audible transducer 85 is carried 
out by the control unit illuminating all of the indica- 

35 tors 76 to 84 and sounding the transucer 85 at 
which the user should respond by pressing the 
CONFIRM button 73. On receiving this confirmation 
the control unit 40 ceases o to illuminate the indica- 
tors 76 to 84 and turns off the transducer 85. 

40 Indicator 76 which is designated as PROGRAMME 
indicator is then made to flash on and off to in- 
dicate to the user that the control unit 40 is ready 
to receive programming instructions. The user then 
inserts a key into the keyhole 86 to actuate a key 

45 switch (not shown) permitting entry of programme 
data. At this point the indicator 83 which is des- 
ignated as VOLUME IN MILLILITRES is illuminated 
and the user enters the required data for the vol- 
ume of infusion by scrolling the numerical display 

so 71 using the STEP UP or STEP DOWN key 74, 75 
as required. When the required number is indicated 
by the display 71 the data is entered by pressing 
the CONFIRM button 73. 

A similar procedure is then followed to enter 

55 further data prompted by illumination of indicator 
83 designated as RATE in millilitres per hour, in- 
dicator 82 designated as BOLUS and indicator 84 
which is designated as TIME INTERVAL. 
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The user can therefore programme the duration 
and rate of an infusion together with the maximum 
volume required. The bolus setting indicates a 
preset boius volume which can be delivered if the 
need should arise during the infusion i.e. if a higher 
flow rate is required for a short duration as in the 
case of the need to administer a pain killer at an 
increased dosage. 

On completion of programming the key is re- 
moved and the PUMP button 72 pressed to com- 
mence the infusion. Removal of the key prevents a 
patient from changing any of the programmed set- 
tings. An audible warning is generated by the tran- 
sducer 85 five minutes before completion of the 
infusion in order to alert an operator that comple- 
tion is imminent. Completion of the delivery of the 
required volume is displayed by the control unit 40 
turning off the indicator 79 denoted as a PUMPING 
indicator and an audible warning is sounded by the 
transducer 85. 

Indicator 77 is designated AIR BUBBLES and 
will be lit if an air bubble is detected. An audible 
warning is also produced using transducer 85. 
Similarly illumination indicator 78 corresponds to 
detection of occlusion. The alarm signal generated 
by the transducer 85 can be silenced by an oper- 
ator pressing the CONFIRM button 73. 

Indicator 76 is designated as a LOW BATTERY 
indicator. 

On completion of the infusion the housing 38 is 
undipped from the body 2 and the body 2 is 
disposed of as waste. An important advantage of 
the pump apparatus of the present invention when 
used in medical applications is that whereas the 
electronic control apparatus within the housing 38 
is reusable the body 2 is disposable and of rela- 
tively low cost so that the body can be repeatedly 
and frequently renewed. This is important because 
of the micro biological hazards of infusion therapy 
and the need to comply with administration proce- 
dures requiring infusion apparatus to be changed at 
regular intervals. 

The control unit 40 is also provided with a 
separate rechargeable battery which is connected 
so as to maintain programme memory during 
periods in which the control unit is not connected 
to its normal power supply battery. The control unit 
may then be programmed to maintain a log of each 
use of the apparatus over an extended period of 
time. The control unit may also be programmed to 
display on demand an indication of the total time 
for which a particular disposable pump body 2 has 
been in use. 

in Figures 9 and 1 0 apparatus 90 of alternative 
external shape is illustrated, corresponding refer- 
ence numerals to those of apparatus 1 being used 
where appropriate. 

In Figure 9 a housing 38 is being presented to 



a disposable body 2 prior to an infusion. 

In Figure 10 the housing 38 is shown con- 
nected to the body 2 during an infusion in which a 
supply pack 91 is connected to the first connector 
5 14. The second connector 19 is connected to a 
cannula (not shown) via a flexible tube 92 to which 
is fitted a shut off valve 93 and a luer connector 94. 

The apparatus is powered by a battery which 
may be located either within the housing or within 
10 the pump body. If it is located within the pump 
body then this has the advantage that if the pump 
body is a disposable item then a new battery is 
provided with each successive use with a given 
housing. 

75 The materials used in the pump body must be 

selected to be compatible with the liquid to be 
pumped. This is particularly true of medical ap- 
plications where medically approved plastics ma- 
terials are essential. 

20 The apparatus may additionally be provided 

with means which allow operative connection of the 
housing only to approved pump bodies so as to 
exclude for example pump bodies copied by com- 
petitors and possibly of an inferior quality. These 

25 means may for example include a surface relief 
holographic element on the pump body which is 
scanned by a light detector in the housing. Simple 
mechanical interlocks may also be provided. 

The apparatus may be modified to include a 

30 further bubble detector of known type such as a 
sensor responsive to optical refraction of the con- 
tents of the inlet duct. This provides an additional 
safeguard against bubbles entering the apparatus 
and can be used to generate warnings in the same 

35 manner as the bubble detection circuit incorporated 
in the control unit 40 and responsive to flexure of 
the piezoelectric membrane. 

Figures 11, 12 and 13 show a further alter- 
native apparatus 100 which includes many features 

40 in common with the apparatus described with refer- 
ence to the previous Figures and therefore cor- 
responding reference numerals for corresponding 
elements are used where appropriate. Apparatus 
100 has a body 2 formed of a transparent medi- 

45 cally approved plastics material. The body 2 is 
intended to be a disposable item and is shown in 
the upper portion of Figure 11 connected to a non- 
disposable housing 38 and is also shown in outline 
in the lower portion of Figure 11 in which it is 

so separated from the housing. 

The body 2 has a bottom surface 3 having a 
circular central portion 101 which is strengthened 
by radially extending stiffening ribs 102. Above the 
central portion 101 a chamber 6 is defined within 

55 the body 2 and the volume of the chamber is 
variable by flexure of a flexible membrane 9 for- 
ming a flexible wall to the chamber 6. The flexible 
membrane 9 comprises an annular flexible portion 
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103 of semi-circular cross-section connected be- 
tween an outer support ring 104 and a central rigid 
disc 105. A spider member 106 is formed integrally 
with the disc 105 such that the spider member and 
disc together form a rigid assembly which is mov- 
able vertically relative to the support ring 104 by 
flexure of the flexible annular portion 103. 

As seen more clearly in Figure 12 the spider 
member 106 includes three radially extending arms 

107 each including a vertically extending projection 

108 of triangular elevation. Between the arms 107 
three further arms 109 are also provided, these 
further arms being similar to arms 107 but not 
being provided with features corresponding to the 
projections 1 08. 

The support ring 104 is bonded to the body 2 
to thereby seal the chamber 6 and the support ring 
also includes an externally projecting annular 
raised lip 110. 

The housing 38 is connectable to the body 2 
such that an annular flange 1 1 1 locates around the 
lip 110. The housing includes a membrane 51 
within the annular flange 111 which in the con- 
nected configuration as shown in Figure 1 1 is posi- 
tively held in contact with the projections 108 of the 
spider member 106. A piezoelectric membrane 10 
overlays the housing membrane 51 such that the 
membrane 51 is flexible in unison with the piezo- 
electric membrane. 

The annular flexible portion 103 has a shape 
memory such that whenever body 2 is operatively 
connected to the housing 38 the spider member 
106 is biassed into contact with the housing mem- 
brane 51 with a force equivalent to a weight of 500 
grammes. The disc 105 therefore moves in unison 
with the piezoelectric membrane 10. 

The body 2 is provided with first and second 
tubular connectors 14 and 19 respectively which 
communicate with the chamber 6 via first and 
second valves 13 and 18 respectively of similar 
type to those of the apparatus 1. The apparatus 
100 further includes an air bubble detector 112 
which is connected to the housing 38 such that 
when the body 2 is connected to the housing the 
first tubular connector extends through the bubble 
detector. The bubble detector 112 is of known type 
comprising a light source on one side of the tubular 
connector 14 and a light sensor on the opposite 
side of the connector and sensitive to change in 
the refractive index of the contents of the duct 1 5 
defined by the tubular connector. The detector 112 
supplements the means of bubble detection re- 
ferred to above with reference to apparatus 1 . 

Housing 38 includes a control unit 40 mounted 
on a printed circuit board 113 and further includes 
a battery compartment 114 containing a replace- 
able battery 115. The control unit 40 is also con- 
nected to an auxiliary battery (not shown) which 



maintains the memory functions of the control unit 
during replacement of the replaceable battery 115. 

The housing 38 further includes a liquid crystal 
display 116 which is viewable through a transpar- 
5 ent window 117. 

The housing 38 includes a handle 33 which is 
connected to first and second annular magnets 30 
and 36 respectively and arranged so as to be 
slidable longitudinally of the housing between a 
w normal position as shown in Figure 11 and a prim- 
ing position (not shown) in which the magnets are 
moved to the left of Figure 11 so as to unseat valve 
members 22 and 25 during a priming operation. 

A further alternative apparatus is shown in Fig- 
15 ures 14 and 15 where corresponding reference 
numerals to those of previous Figures are used 
where appropriate for corresponding elements. 

The apparatus 120 has a housing 58 with a 
reservoir compartment 121 at a first end 122 of the 
20 housing. A battery compartment 114 is located at a 
second end 123 of the housing. 

A sliding handle 124 is longitudinally slidably 
mounted on the housing 58, the handle being gen- 
erally of U-shaped cross-section with inturned edge 
25 portions 125 and 126 each having projecting tabs 
127 which overlay and thereby hold in place the 
disposable body 2. The apparatus 120 of Figures 

14 and 15 is shown in a different orientation to the 
apparatus of previous Figures i.e. such that the 

30 body 2 is uppermost. 

As seen in Figure 15 the body 2 includes 
laterally projecting lugs 128, the respective lugs 
127 and 128 being iongitudinaliy spaced so as to 
be inter-digitated during connection of the body 2 

35 and the housing 58. A reservoir 129 comprising a 
collapsible plastic sac is connected to the inlet duct 

15 . When the disposable body 2 is connected to 
the housing 58 the reservoir 129 is concealed 
within the reservoir compartment 121 which is ac- 

40 cessible via a laterally slidable reservoir cover 130. 
The reservoir cover 130 includes laterally projec- 
ting lugs 131 which in the normal operating posi- 
tion of the handle 124 are overlaid by lugs 127 
such that the reservoir cover cannot be removed. 

45 In order to load a fresh disposable body 2 into 

the housing 58 the handle 124 must first be moved 
fully towards the second end 123 of the housing 
and the reservoir cover 130 removed. The dispos- 
able body and reservoir 129 can then be loaded on 

so to the housing 58 and the reservoir cover 120 
replaced. The handle 124 is then moved fully to- 
wards the first end 120 of the housing 58 such that 
the lugs 127 overlay the lugs 128 of the disposable 
body 2 and also overlay the lugs 131 of the reser- 

55 voir cover. Both the body 2 and the reservoir cover 
131 are then held in position. 

During this procedure the initial position of the 
handle 124 is such that the magnets 30 and 36 are 



8 



15 



EP 0 398 583 A2 



16 



in their priming position (as described with refer- 
ence to Figure 1). After movement of the handle 
towards the first end 121 the magnets 30 and 36 
are moved to their normal operating position in 
which the first and second non-return valves 13 
and 18 open and close in response to fluid pres- 
sure. 

In an alternative embodiment the spherical 
valve members may be replaced by a bullet- 
shaped valve member. 

The non-return valves may alternatively be 
moved to their priming positions by an electromag- 
net. 

The reservoir may carry an identifying coded 
element which can be read by a suitable detector 
of the housing such that the control unit 40 is 
automatically provided with data when a fresh body 
2 complete with drug reservoir 129 is loaded to the 
housing. The control unit 40 may be programmed 
on receipt of this data to deliver the drug in accor- 
dance with predetermined parameters without the 
need for operator input. The control unit 40 may 
also record and display the total dose of drug 
delivered from a given reservoir and generate an 
alarm when the supply is nearly exhausted. 



Claims 

1. Pump apparatus (1,100,120) comprising a 
pump body (2) defining a pump chamber (6) and 
inlet and outlet ducts (15,20) communicating with 
the pump chamber, actuating means (10) operable 
to vary the volume of the pump chamber by move- 
ment of a flexible wall (9) of the pump chamber 
and first and second valves (13,18) located in the 
inlet and outlet ducts respectively wherein each 
valve comprises a non-return valve having a valve 
member (22,25) movable into and out of engage- 
ment with a cooperating valve seat (21,24) in re- 
sponse to pressure or suction generated in the 
pump chamber by movement of the wall and the 
pump apparatus further comprises magnetic means 
(30,36) operable to bias the or at least one of the 
valve members into a seated position. 

2. Pump apparatus as claimed in claim 1 fur- 
ther comprising priming means (33) selectively op- 
erable to actuate the magnetic means between a 
normal operating condition in which the magnetic 
means biasses the or at least one of the valve 
members into a seated position and a priming 
condition in which the valve members are movable 
into an unseated position to allow priming of the 
pump chamber with fluid. 

3. Pump apparatus as claimed in claim 2 
wherein the first and second valve members each 
have a respective ferromagnetic portion and the 
magnetic means includes first and second annular 



magnets (30,36) through which the inlet and outlet 
ducts respectively extend, the magnets being held 
in respective fixed positions adjacent the respective 
valve seats by the priming means in the normal 

5 operating condition and being released therefrom 
in the priming condition for movement to respective 
further positions in which the valve members are 
no longer biassed into a seated position. 

4. Pump apparatus as claimed in claim 3 com- 

w prising electrical circuit means (40) operable to 
control and energise the actuating means whereby 
the pump apparatus is self-contained, wherein the 
actuating means comprises a piezoelectric trans- 
ducer (10,50) operable to deform the flexible wall 

15 of the pump body and wherein the electrical circuit 
means is located in a housing (38) which is de- 
tachable from the pump body and the housing is 
connected in use to the pump body by releasable 
connecting means (39). 

20 5. Pump apparatus as claimed in any preced- 

ing claim wherein the transducer is located in the 
housing at a location which overlays the flexible 
wall of the pump body in use when the housing 
and pump body are connected in operable relation- 

25 ship and wherein the apparatus includes biassing 
means (103) biassing the wail into operative en- 
gagement with the transducer. 

6. Pump apparatus as claimed in claim 5 
wherein the biassing means comprises an annular 

30 membrane portion (103) of the flexible wall con- 
nected peripherally to a rigid portion (105) of the 
flexible wall and having a shape memory such that 
when the pump body is operatively connected to 
the housing the rigid portion is biassed into en- 

35 gagement with the transducer. 

7. Pumping apparatus as claimed in claim 6 
wherein the body is formed integrally with a reser- 
voir (129) receiving in use a supply of fluid, the 
reservoir being connected in communication with 

40 the inlet duct. 

8. Pumping apparatus as claimed in claim 7 
wherein the housing includes a reservoir compart- 
ment (121) receiving the reservoir when the hous- 
ing and the body are operatively connected and 

45 closure means (130) for the reservoir compartment, 
the priming means being actuated by a manually 
operated handle (33) mounted on the housing and 
wherein the handle and the closure means interlock 
to prevent access to the reservoir compartment 

so when the handle is in a position corresponding to 
actuation of the priming means to give normal 
operating condition of the magnetic means. 

9. Pump apparatus (1,100,120) comprising a 
pump body (2) defining a pump chamber (6), an 

55 inlet duct (15) communicating between the pump 
chamber and a source (129) of liquid, an outlet 
duct (20) communicating with the chamber for the 
delivery of pumped fluid, actuating means (10,50) 
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operable to vary the volume of the pump chamber 
by movement of a flexible wall (9) of the pump 
chamber to pump liquid therefrom, the actuating 
means comprising a composite piezoelectric ele- 
ment (10,50) having at least one sensor electrode 5 
(63,64) sensing the amplitude of deflection and 
electronic circuit means (40) operable to energise 
the piezoelectric element in pulsed manner, 
wherein the electronic circuit means includes de- 
tection means comparing the sensed amplitude of 10 
deflection with at least one threshold level to pro- 
vide an indication of abnormal operation of the 
pump apparatus consistent with occlusion or bub- 
ble formation in the liquid volume defined by the 
pump chamber and the inlet and outlet ducts. 75 

10. Pump apparatus as claimed in claim 9 
wherein the detection means includes occlusion 
detection means operable to compare the sensed 
amplitude of deflection against a lower threshold 
level and indicating the presence of an occlusion 20 
when the sensed amplitude is less than the lower 
threshold level. 

11. Pump apparatus as claimed in claim 9 or 
10 wherein the detection means includes bubble 
detection means operable to compare the sensed 25 
amplitude of the deflection against an upper thresh- 
old level and indicating the presence of a bubble 
when the sensed amplitude is more than the upper 
threshold level. 

12. Pump apparatus as claimed in any of 30 
claims 9 to 11 including flow rate sensing means 
connected to the electronic circuit means and 
wherein the circuit means energises the piezoelec- 
tric transducer at a fequency which is variable to 
maintain the sensed flow rate at a predetermined 35 
level. 
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© The pump apparatus (1) comprises a pump 
body (2) defining a pump chamber (6) and inlet and 
outlet ducts (15,20) communicating with the pump 
chamber, a piezoelectric membrane (10) operable to 
vary the volume of the pump chamber by movement 
of a flexible wall (9) of the pump chamber and first 
and second non return valves (13,18) located in the 
inlet and outlet ducts respectively. Each valve com- 
prises a valve member (22,25) movable into and out 
of engagement with a cooperating valve seat (21 ,24) 
in response to pressure or suction generated in the 



pump chamber by movement of the wall. Magnets 
(30,36) are operable to bias the valve members into 
a seated position. The body including the valves is a 
disposable item. Priming means (33) acting on the 
magnets allows the valves to be unseated for flush- 
ing and priming the chamber. Sense electrodes 
(63,64) on the piezoelectric membrane sense occlu- 
sion or bubbles when pumping liquids such as drugs 
during intravenous delivery. 
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